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OXYGEN DEFICIENCY IN ANTARCTIC AIR 


By Ernest E, anp ARNOLD Court 
(U. 8. Antarctic Service, 1939-1941] 


Surprising deficiency in oxygen content of the Antarctic 
atmosphere, too great to be attributable to instrumental 
technic, was found in the course of a series of measure- 
ments made at Little America III (lat. 78°28’ S., long. 
163°30’ W.) during 1940 and 1941. 

Oxygen-percentage of dry air was found 
to vary between the wide limits of 20.50 volume percent 
in summer and 20.80 volume percent in winter, thus indi- 
cating a possible seasonal change in the deficiency. 
“Normal” middle latitude value is 20.95 volume percent. 

All of the 25 summertime (December and January) 
analyses presented here gave values between 20.48 and 
20.64 volume percent for oxygen, with an average of 
20.556. 

Of the 12 wintertime (July and August) determinations, 
8 fell between 20.69 and 20.76 volume percent, averaging 
20.726. Four others, on July 22, fell entirely outside this 
range, being between 20.48 and 20.54, with an average 
value of 20.505. 

Since this large variation in the wintertime readings is 
wholly outside the limits of instrumental error (as dis- 
cussed later), it seems evident that they represent two 
radically different types of air. Further light may be 
thrown on this question, and indeed on the entire subject, 
by later study of the surface weather records and the 
upper-air observations. 


HISTORY 


For 30 years the accepted value for the oxygen concen- 
tration in the air of temperate latitudes, where most 
determinations have been made, has been 20.95 volume 
— (1), but “the second decimal is not certain,” as 

aneth points out (2). 

In a more recent paper Carpenter (3), after further 
work in extension of Benedict’s classic determinations of 
1909-11, concludes that the entire atmosphere up to the 
tropopause is constant in composition regardless of 
meteorological effects, and is but slightly affected by 
large-scale industrial contaminations. 

However, Shepherd (4) has found, in experiments now 
in progress, confirmation of earlier work by Morley (5) 
that the oxygen content of polar continental air (‘cold 
waves”’) is slightly lower than normal. So far as is known, 
the determinations presented here are the first to be made 
on the Antarctic Continent itself. However, 10 samples 
of air obtained by the Charcot expedition of 1908-10 in 
the Bellingshausen Sea and on the Palmer Land coast, 
analyzed by Miintz and Lainé (6), showed no oxygen 
deficiency: 

The average of all these results is 20.957. They vary between a 
minimum of 20.91 and a maximum of 21.00 (volume percent). 
They are thus comparable to those which Regnault obtained at 
Paris, where the mean was 20.960, with a minimum of 20.913 and 


a maximum of 20.990. We must conclude therefore that the air of 
Antarctic regions contains a proportion of oxygen comparable to 
that which exists in the climate of France. 

Analyses were made in a Regnault eudiometer, modified 
by Schloesing, of samples collected in the field in glass 
flasks which were sealed over a gas flame. Carbon dioxide 
was first removed from the air, and then to the purified 
air was added a convenient quantity of pure hydrogen 
and the oxygen computed “by taking one-third of the 
volume consumed by the combustion.” 

Four of the samples were obtained in winter quarters 
on Peterman (Lund) Island (Port Circumcision, 65°11’ S., 
64°15’ W.) on the west coast of the Palmer Peninsula, 
the rest at sea during the cruises of the Pourquoi Pas. 
No correlation between latitude or season can be found 
in 4p figures, which agree within the limits of the method 
used. 

However, in the carbon dioxide content, an average of 
0.01997 volume percent was obtained (neglecting one poor 
sample) and the smallest results, 0.01447 and 0.01702, 
were obtained at the highest latitudes, 69°30’ and 70°05’ S. 


It appears from these figures, in a most striking ie that the 
quantity of carbon dioxide which exists in the air of southern 
regions is quite noticeably less than that which exists in Europe. 
We have in effect a mean of 0.0205, while determinations of Miintz 
and Aubin made in the Northern Hemisphere, in very distant 
stations, wre them a figure of 0.0282. Their former studies, made 
at Ca orn in latitude 55°31’, had already given them a mean of 
= , quite clearly inferior to that of the Northern Hemi- 
sphere. 


However, the oxygen analyses of the same Cape Horn 
air samples, obtained during an astronomical expedition 
there in 1885, show rather large variations and a general 
oxygen deficiency. Due to the current state of air 
analyses, they concluded that their figures showed sub- 
stantial agreement with determinations elsewhere. (10). 

No deficiencies have been noted in high northern 
latitudes. In 1886 three of the foremost gas analyst of 
the day made determinations of air at Cleveland, Para, 
Bonn, Dresden and Tromso, and found that “the oxygen 
content (of the atmosphere) in the neighborhood of the 
poles was somewhat higher than in the neighborhood of 
the Equator,” (9) an extrapolation doubly unjustifiable 
in that its extension northward is not valid and the 
Southern Hemisphere cannot be considered identical with 
the Northern Hemisphere. 

Krogh, one of the leading analysts of this century, 
found average or higher than average oxygen content 
around Greenland in a first series of determinations, 
average or slightly lower values in a second series (10), 
and later (11) considers the air to be substantially uniform. 

In recent years much work has been done in anal 
of air from high levels, the general conclusion to date 
being that convection maintains a uniform composition 
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at least as high as the Coppa, above which the oxygen 
content decreases rapidly, dropping to less than 20.00 
percent a few kilometers above it. 

Most of these studies have been primarily concerned 
with ozone, but Regener says (12): 

The height of the ozone layer in the stratosphere should also. be 
lower in polar regions than in equatorial regions, first, because the 
oxygen content = polar regions decreases with height more rapidly 
than in equato regions and secondly—which is perhaps of 
even greater effect—because the greater stability of the atmosphere 
in polar regions tends to increase the diffusion of the heavy ozone 
downwards. 

Concerning the possible effects of the vertical structure 
of the atmosphere on the oxygen concentration, it may be 
pointed out that the tropopause at Little America III 
was found in the summer at 9 to 10 kilometers but tended 
to disappear entirely in the winter, a continuous lapse 
rate being observed to —80° C. at 12 km., the instru- 
mental limit. Surface pressures also are an inch or more 
(30 to 40 mbs.) lower than the world average. 

The physical and biological nature of the Antarctic may 
have some bearing on the results reported here. Oxygen 
is constantly being removed from the atmosphere, H. 


Spencer-Jones points out (13), by the weathering of the 
ferrous oxide of igneous rocks into ferric oxide in sedimen- 
tary rocks. ‘The amount of oxygen withdrawn thus 


* is very considerable,” and replenishment is ac- 
complished through the biologic cycle, in which plants 
liberate oxygen during photosynthesis and processes of 
decay absorb it. Although ‘‘whenever o ¢ matter is 
buried there is a net gain of oxygen to the atmosphere, 
it seems probable that * * * if the coal, oil and other 
organic deposits could be unburied and completely burned 
the whole of the oxygen in the atmosphere would be used 
up.” 

The Antarctic Continent, while almost devoid of vege- 
tation, has a relative abundance of igneous rocks pro- 
truding through its ice cap and subject to intense weather- 
ing. Vast unknown areas may have even more mountains 
than those already explored; of the hundred thousand 
square miles of hitherto unseen territory eepores by the 

. S. Antarctic Expedition, more than was moun- 
tainous. 

However, most of the rock weathering is mechanical 
rather than chemical. Although summertime air tempera- 
tures lie just below the freezing point, and bare rocks them- 
selves may be actually warm, Wade and Warner (14) esti- 
mate that only 10 to 15 percent more rock is uncovered 
to the air in summer than in winter, when temperatures 
far below zero prevail. 

Discussing “The Origin of Atmospheric Oxygen,” 
Nichols (15) says oxygen may have been an original con- 
stituent of the atmosphere, or may be formed by impact 
of white-hot planetesimals with water vapor, or released 
by green plants in photosynthesis, or emitted by volcanic 
vents. Six other possible sources are offered: Decomposi- 
tion of water vapor by meteoric material (currently as 
opposed to in geologic times), or by high upper strato- 
sphere temperatures, or by penetrating radiation; decom- 
position of stony meteorites which contain oxides; forma- 
tion of ammonia by lightning or meteors; and formation 
of hydrochloric acid. by free ohlorlass emitted volcanically. 


He concludes “The net result of all these reactions on the 
quantity of oxygen in the atmosphere cannot be evaluated 
at present.” 

ow these various factors affect the oxygen content of 
the Antarctic atmosphere, this paper does not venture to 
say. It is merely to present (table 1) the results of an 
investigation conducted incidentally to studies in physi- 
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ology, on the one hand, and in general climatic and aero- 
logic conditions, on the other. 


EXPERIMENTAL 


Analyses were made during July, August and Decem- 
ber of 1940 and January of 1941 at Little America III, 
the West Base of the U. S. Antarctic Service. This base 
was on the so-calied Ross Ice Shelf some three miles south 
of the edge at which this thick ice sheet terminates as the 
Ross Ice Barrier, the southern limit of navigation in the 
Ross Sea. 

It was about 1 mile east of the Bay of Whales and about 
7 miles northeast of Little America I and II, the base of 
the Byrd Antarctic Expeditions of 1928-30 and 1933-35. 
Ice and snow surround the camp for hundreds of miles in 
all directions except for the sea to the north. Thus, most 
of the air analyzed had been in transit over a pure snow 
surface for some time before collection. 

ns sap were taken only after wind direction had been 
gen constant for at least 6 hours and were always 
obtained to windward of camp to avoid contamination 
from camp smoke and gases. The air was collected over 
mercury in a 60 ccm. gas-sampling bottle and was allowed 
to come to room temperature (since outside temperatures 
were always below freezing) before analysis in a portable 
Haldane apparatus (13), which is described here briefly. 

It consists essentially of five parts: (1), a calibrated 
measuring burette of 10 ccm. capacity; (2), an absorption 
pipette filled with potassium hydroxide for carbon dioxide; 
(3), an absorption pipette filled with alkaline potassium 
pyrogallate for oxygen; (4), an uncalibrated tube, similar 
to the measuring burette, called the thermobarometer, for 
automatic compensation of slight changes in temperature 
during analysis; and (5), a leveling bulb filled with mercury 
by which gas samples can be drawn into the apparatus, 
measured at atmospheric pressure, forced successively into 
the carbon dioxide absorption pipette, into the measuring 
burette for determination of the new volume, then into 
the oxygen absorption pipette and finally into the meas- 
uring burette for final volume determination. 

Both measuring burette and thermobarometer are con- 
tained in a water chamber kept at uniform temperature by 
stirring. The various parts, joined together by short 
lengths of heavy-walled rubber tubing, are mounted 
compactly in a carrying case which becomes a support 
during use. Communication from the measuring burette 
to the sample flask and to the absorption pipettes is ro 
lated by several stopcocks. Small portions of acidified 
water in the thermobarometer and above the mercury in 
the measuring burette keep the gas sample saturated with 
water vapor at all times. 

Operation of the apparatus, although simple, requires 
that particular care be given to details to obtain reliable 
results. Before introduction of the sample, carbon dioxide 
and oxygen in the apparatus are eliminated by drawing 
air into the burette and running it alternately into the 
two absorption pipettes until no further absorption of gas 
occurs; at this stage the apparatus contains only nitrogen 
saturated with water vapor. 

After this nitrogen has been washed out of the apparatus 
with several small portions of the sample to be analyzed, 
a 10 ccm. portion is drawn in and allowed to become sat- 
urated. The initial volume is measured, the carbon diox- 
ide removed and the new volume measured; then the 
oxygen is absorbed and the final volume determined. 
The two decreases in volume correspond respectively to 
the carbon dioxide and oxygen contents of the original 
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dry-air sample. Simple calculations give percentage 
of the dry constituents. - 

Thus the figures obtained are absolute values compa- 
rable to absolute values determined by other methods in 
other areas. They represent, however, penseneges of 
only the dry constituents of the original sample. Due to 
the method of the apparatus, no determination could be 
made of the amount of water vapor present; no psychro- 
metric observations were made because of the low tem- 
peratures prevalent. 

As further clarification of the data the following state- 
ment from Peters and Van Slyke (16) may be quoted: 

In the analysis of moist air by the Haldane method each volume 
measurement, before or after the absorption of any gas, is made at 
the same partial pressure of the dry gases. This pressure is B—W 
(barometric pressure less vapor tension of water). The effect of 
the vapor tension W is therefore merely to lower the pressure of all 
volume readings by a constant amount and thereby to increase all 
volume readings by a constant proportion over what they would be 
forthe dry gases * * *,. The results of a gas analysis are there- 


fore independent of temperature, barometric pressure and wet or 
dry state of the gas, so long as these factors are constant. 


TABLE 1.—Analysis of Antarctic air 


3 _. Wind movement 
< | At collec- 
: past 6 hours 
3 Past 12 hours 
|. 
Pet. 


M. p 
= | Tem 


20. 79. 

20. 79. 

20. 54| 79. 

20. 51) 79. 

20. 79. 

20. 49} 79. 

20. 79. 

20. 73] 79. 

20. 72) 79. 

20. 73) 79. 

20. 70} 79. 

20. 79. 

20. 79. 

20. 50} 79. 

20. 49} 79. 

20. 79. 

20. 53} 79. E.-NE.-E. 

20. 49} 79. 

20. 59} 79. 30 E.-SE.-8. 

20. 58) 79. 33 

20. 54) 79. 42 SE. 

20. 53| 79. 

20. 48} 79. 

20. 52} 79.42) SE. SE. 

20. 53} 79. 40 

20. 55| 79.29) SW. SW.-S.-SW. 

20. 57) 79. 29 

20. 58} 79.37; SW. | 14) SW.-S.-SW. 

20. 59) 79. 38 

20. 63) 79.34) SE. | 1 E.-SE. 

20. 63) 79. 31 

20. 56) 79.34) SE. SE. 

20. 56) 79. 34 

20. 60] 79.34) E. S-SE.-E. 

20. 60) 79. 34 

20. 60} 79.33) SE. 8.-E.-SE. 

06) 20. 64) 79. 
*Different samples on the same day. 
DISCUSSION 


In view of the fact that the results obtained in this study 
are so divergent from those presented by Benedict (1) 
and Carpenter (3), which are to be considered as standards 
for atmosphere in temperate climates below the tropo- 
pause, some discussion of any possible errors in the deter- 
minations is necessary. 

The apparatus itself is one that has been in constant 
use Over a period of years in the Fatigue Laboratory at 


Harvard University and also on several field trips 
throughout the country. Results obtained with it have 
always been above criticism. Unfortunately, no check 
determinations on “standard” middle latitude air were 
made with the apparatus. The air analysis program 
was not planned until the expedition was in the Antarctic, 
so no samples were taken along for comparison. After 
the results had been obtained it was planned to make a 
series Of readings whenever the ship was moored during 
the northward voyage home, but before these could be 
begun the Haldane apparatus was rendered inoperative 
during a severe storm. 

The reagents used were of the highest quality and 
absorbents prepared from them exactly according to the 
— recommended by Peters and van Slyke. Any 

ecrease in the efficiency of the reagents, especially the 
potassium pyrogallate, was readily noted as a sluggishness 
in absorption and a failure to give constant results within 
a prescribed time. Whenever such an occasion arose, the 
old reagents were replaced by fresh ones. 

Leaks in the apparatus, which occurred occasionally, 
were easily detected because of inconstancy of readings 
and failure to obtain check results on a given sample. 
These were immediately eliminated by removal, cleaning 
and regreasing of all stopcocks. The apparatus was then 
tested according to the prescribed procedure. 

Contamination of the sample during transfer from the 
sample bottle to the measuring burette is impossible. 
After the sample is in the apparatus, the possible effect 
of c és in external conditions is eliminated. In short, 
unless the apparatus is clean, all capillary tubing and stop- 
cocks free for the passage of gas, the reagents in good 
condition and the proper routine followed, check results 
are impossible. 

All of the determinations were done in duplicate at 
least, and separate analyses of the same sample were taken 
as data for this report only when they agreed within the 
experimental limits of error of the apparatus, which are 
0.03 percent for carbon dioxide and 0.04 percent for 
oxygen. Consequently, the apparent deficiency of oxygen 
in Antarctic atmosphere is considered to be real. 


SUMMARY 
Analyses of the lower atmosphere of the Antarctic were 
made using the Haldane portable a. A variable 
deficiency in the oxygen content of the air, too great to be 
attributable to instrumental error, was found. The 
values for oxygen e from 20.76 to 20.48 volume 


percent. Since all possible sources of error were elimi- 
nated, the deficiency is considered to be real. 
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METEOROLOGICAL AND CLIMATOLOGICAL DATA FOR MAY 1942 
[Climate and Crop Weather Division, J. B. Kincrr, in charge] 
AEROLOGICAL OBSERVATIONS 


TABLE 1— Mean free-air barometric pressure in millibars, temperature in degrees Centigrade, and relative humidities in percent, obtained by 
airplanes and radiosondes during May 1942 


Stations and elevations in meters above sea level 
Albuquerque, N. Mex. Atlanta, Ga. Bismarck, N. Dak Boise, Idaho Brownsville, Tex. Buffalo, N. Y. 
(1,620 m.) (300 m.) (505 m.) (864 m.) (6 m.) (221 m.) 
(meters) = 3 = = 3 
— 
Surface__.....- 31; 834 19.3 18 31; 982) 19.1 75 74 31; 914 11.8 64 30; 1012} 24.4 85 31; 990) 13.1 82 
960} 20.1 64 30; 957) 21.8 89 31; 958) 13.8 72 
31; 906) 17.1 64 70 31; 899 12.7 60) 30} 904) 20.9 65 31; 902) 11.8 71 
31} 854 13.3 68 71 31, 847) 10.3 55 30; 853 19.8 53 31) 850 9.0 75 
Site oo 31 798 18.8 17 31 804 9. 9) 70: 72 31 797 6.4 56 30; 804 17.1 47 31 800, 6.5 72 
Jt ae 31 752 15.0 17 31 757 7.0 65 70 31 749 2.4 30) 758 14.4 41 21 752 4.0) 68 
31 709; 10.6 18 31 712 3.9 60 67 31) 704) —1.2 63 +714 11.4 41 31 707 1.5 65 
ro ee eee 31; 628 2.1 19 30; 630) —0.7 47 58 31 620} —8.5 67 30} 633 5.3 37 31; 624) —4.1 61 
an 31 554) —6.6 21 30} 555) —7.2 42 53 31 544) —15.3 63 29) 560) —1.7 31 549) —10.4 57 
31 486) —14.5 23 —14.3 40 52 30; 476) —22.5 62 29} 493) —8.5 37 31; 482) —16.8 53 
i eres 31 425} —21.6 23 29; 426) —21.2 39 50 29; 414) —29.8 62 28} 433) —15.3 35 31; 421) —23.9 51 
31 370) —28.8 22 29} 372) —28.2 38 49 29} 359) —37.1 59 28} 378) —22.1 35 31; 366) —31.2 
ever 30} 322) 29} 322) —35.5 38 29; 310) 27; 329) —29.3 35 31; 317) —38.8 49 
30! 278) —43.7]....-- 28; 279) 267) 27| 286) —36.8 35 20; 274) 
29; 239) —50. 28; 240) 29 —652. 27; 247) 235) 
29; 204) 28; 206) —55. 29 196} 25) 212) —52.1)...... 27; 201) 
29 174) —59. 28 175) —60. —55. 28 —54. 24 182} —58. 8}__.._- 27 171) —60. 
28 148} 28 149) —54. 26 143) 24 154) —64.9)___._. 27 145) —60. 
27 126} —61. 28 24 122} —54. 20 131) 23 124) —59. 
25 108} —63. 28 108} —62.5)......| 18} 104) 22} 105) 20; Ill) 23; 106) 
20 91} —62. 28 92} 13) 89) 16 89) 15 93) —75. 18 90) —58. 
ll 77| 22 78; —62.2)......| 76) 9 76| 12 78| 76} 
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airplanes and radiosondes during May 1942——Continued 


TaBLE 1.— Mean free-air barometric pressure 
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TaBL_e 1.—Mean free-air barometric pressure in millibars, temperature in degrees Centigrade, and relative humidities in percent, obtained by 


airplanes and radiosondes during May 1942—Continued 
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airplanes and radiosondes during May 1942—Continued 
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Ely, Nev. 
(1,910 m.,) 


538 
~ | 


' 
' 
‘ 
' 
' 
' 
' 
' 
' 
' 
' 


Altitude 
(meters) 
m. s. 1. 
Altitude 
(meters) 
m. s. 1. 


TABLE 2.—Free-air resultant winds based on pilot balloon observations made near 5 p. m. (75th meridian time) during May 1942. 


Altitude (meters) m. s. 1. 
Surface.....| 165) 3.6) 31) 222) 3.3 
Surface____- 


1 1 | 1,013 

| : 

5 26 853 
4 | 26 804 
26 757 

26 713 

is | 26 493 
26 {......... 433 

| Ath | | 
| (299 
3 5 2. 
| 30} 58 5 1, 
| 26] 150] 1 ‘ 2. 
> 21| 208| 1 8 2 
| 17] 6 2. 

| 13] 277| 
Greens- | iami, | 

| | | 
| 

2 2 

237) 2. 5} 272 8 8 
30] 239) 3.2) 31) 254 7 9 

4 29] 241] 4.0) 31] 238 3 6 

‘ 


May 1942 MONTHLY WEATHER REVIEW 101 


TABLE 2.—Free-air resultant winds based on pilot balloon observations made near 5 p. m. (75th meridian time) during May 1942. Directions 
given in degrees from North (N=360°, E=90°, S= 180°, W=270°)— Velocities in meters per second—Continued 
New York,| Oakland, | Oklahoma | Omaha, | Phoenix, | pid | s¢. Louis, | San An- | San Diego, | “sult St. | seattle, | Spokane, | Washing- 
N. Y. Calif. | City, Okla.| Nebr. Ariz. 8. Dak. Mo. tonio,Tex.| Calif. Mich. Wash. Wash. ton, , 
(15 m.) (8 m.) (402 m.) (306 m.) (338 m.) (982 m.) (181 m.) (180 m.) (15 m.) (230 m.) (12 m.) (603 m.) (24 m.) 
Altitude 
ISIAlS 
Surface.._.. 31) 176, 3.6) 268) 5.9| 31| 179) 3.9] 30] 179| 247) 28} 17] 1.0) 31) 216) 2.4) 31| 128] 3.2) 31 250) 4.1 273] 2.2) 230] 2.1) 20) 244! 31) 185) 1.8 
31) 206, 5.0} 31) 282) 4.8) 31) 182) 30) 176) 2.9) 31) 256) 81} 214) 2.3) 31) 125) 4.2) 31) 275) 3.5) 29) 244) 1.3) 30, 220/ 31) 208) 2.4 
1,000. .....- 28 247) 30) 287, 31/ 187) 5.2) 28) 188) 3.8) 31) 234) 2.4) 28) 16) 0.8) 30) 213| 3.2) 30) 125) 4.5) 25) 205, 2.8) 28) 229) 1.4) 27) 214) 3.1) 29) 282) 1.7) 29, 234) 3.0 
27| 259) 5.8) 28, 280) 2.4) 31) 200) 6.0) 26, 207| 31) 214) 3.1) 28) 334) 1.3) 25) 226) 5.4) 25) 154) 3.9) 24) 290 24) 203) 211| 3.0) 28) 232 1.6) 20 251 4.1 
2,000. 23| 7.2| 27) 283| 2.9) 30) 228) 7.2) 21| 222) 31, 270| 2.3) 21| 242) 5.8] 23) 185) 4.3) 267) 22) 253| 1.4) 18| 202] 3.0| 26) 213) 1.8) 25) 5.1 
2,500_...-.- 20| 268| 7.7} 280| 3.7] 25] 241| 8.0) 230/ 7.1) 31| 225] 6.3) 20) 274| 4.4/ 18) 244/ 6.3| 19| 207| 3.8) 23| 273) 4.5] 18| 290) 1.6) 16) 201| 4.3) 23) 237, 2.8) 6.4 
3,000. 15) 8.1) 27| 284) 5.3) 23) 252)10. 0) 12) 246) 8.2) 31) 7.6) 18) 276) 6.4) 16) 255) 6.4) 15) 4. 4) 21) 270) 7.3) 15) 303) 3.1) 14) 183) 4.9) 14) 229) 3.2) 16) 246) 6.4 
--|----|----| 25} 290] 7.1] 21) 260/12. 31] 250/10. 2| 16) 290} 9.8] 10) 7.6) 14) 287] 6. 5| 19) 276/10.8| 13| 303| 5.3| 13) 205) 14) 266) 8.1 
5,000. 23| 285/10. 7} 20| 31] 252/13. 8) 13) 297/10.8| 10) 280/11. 1) 13| 284| 7.5) 17) 11) 278) 7.0 
6,000. 21) 286/13. 5) 19) 272/14. 30} 258/15. 0} 11) 12 286| 9.2 15) 11) 282) 6.8 
*Moved to St. Paul elevation 225 (May 28 to 31 incl.). 
TABLE 3.—Mazimum free-air wind velocities, (m. p. 8.), for different sections of the United States, based on pilot-bailoon observations during 
May 1942 
Surface to 2,500 meters (m. s. 1.) Between 2,500 and 5,000 meters (m. s. 1.) Above 5,000 meters (m. s. 1.) 
A 2 a Z 2 = 
Northeast !__......) 42.4 1,860 | 3 | Akron, 4,780 | | Boston, Mass_.....- 61.6 | SSW__..| 10,020 | 25 | Portland, Maine 
East-Central 2____- 28.1 | SSW_. 990 | 7 Hatteras, N. 32.2 | W___.--| 4.350] Knoxville, Tenn..-_|| 54.0 | SW____- 7,650 | 27 | Hatteras, N. C 
Southeast 27.6 | SSW_..-| 2,500 | 3] Birmingham, Ala__.|| 29.5 | SSW_.--| 2,630 | Birmingham, Ala___|| 40.0 | WSW-___| 11,600 | 22 | Tampa, Fla 
North-Central 4__._| 39.5 | SW._.-- 1,000 | 2) Detroit, Mich _..... 35.0 | WNW __| 4,960 | 5] Alpena, 56.0 | WSW___| 9,520 | 28 | Bismarck, N. Dak. 
<. . 43.0 | SW_.--. 1, 530 | 11 | St. Louis, Mo_------ 42.0 | SW...-- 3,090 | 13 | Des Moines, Iowa_..|| 40.0 | W_.__.-- 8,910 | St. Louis, Mo. 
South-Central ¢....| 32.9 | SW_..-. 2,090 | 16 | Amarillo, Tex__...-- 34.0 | 3,980 | 13 City, || 11,110 | 15 | Oklahoma City, Okla. 
a. 
Northwest 27.5 | 1,380 | 10 | Havre, 29.2; WSW 3,010 | 27 | Great Falls, Mont__|| 53.0 | WNW_ 11,000 | Boise, Idaho. 
West-Central §__._. 44.9 | 2,090 | 13 | Cheyenne, Wyo__... 4,650 | 27 | Reno, 68.0 | NW_. 10,070 | 1] Redding, Calif. - 
Southwest *__.....-. 41.0 | SSW__-..| 2,280 | 30 | Roswell, N. Mex__ 51.2 | SSW_.._| 3,360 | 26 | Las Vegas, Nev._.._. 65.3 | W_....- 7,530 | 2] Albuquerque, N. Mex. 


1 Maine, Vermont, New Hampshire, Massachusetts, Rhode Island, Connecticut, New 
York, New Jersey, Pennsylvan a and Northern Ohio. 

2 Delaware, Maryland, Virginia, West Virginia, Southern Ohio, Kentucky, Eastern 
Tennessee and Northern Carolina. 

3 South Carolina, Georgia, Florida and Alabama. 

‘ Michigan, Wisconsin, Minnesota, North Dakota and South Dakota. 

4 Indiana, Illinois, Iowa, Nebraska, Kansas and Missouri. 


RIVER STAGES AND FLOODS 


By Bennett Swenson 


Devastating floods occurred in several tributaries of the 
Delaware and Susquehanna Rivers on May 22-23. 
Among the streams most seriously affected were the Lacka- 
waxen, Lackawanna, Lehigh, and Schuylkill Rivers. 
Thirty-three lives were lost in Pennsylvania, due directly 
or indirectly to the floods, and property damage caused by 
the floodwaters has been estimated at $13,000,000. 

At the same time, excessive flooding occurred in headwater 
areas along ‘a narrow fringe extending from the Delaware 
River Basin southwestward to western North Carolina. 

In addition to high water and flooding in the Missouri, 
Arkansas, Red, and Trinity Rivers, continuing from April, 
numerous local floods occurred in various areas, severe 
in some cases, in the upper Mississippi Basin, and in the 
Dakotas and Montana. 

The flow in the upper Rio Grande continued high and 
storage in New Mexico was the highest of record. 

Atlantic Slope drainage.—Floods occurred during the 
month in most streams from the Delaware River Basin, 
southward to South Carolina. Especially damaging were 


retaantont, Arkansas, Louisiana, Oklahoma, Texas (except E] Paso), and Western 
nessee. 

7 Montana, Idaho, ag and O " 

§ Wyoming, Colorado, Utah, Northern Nevada and Northern California. 

* Southern California, Southern Nevada, Arizona, New Mexico, and extreme West 


the floods of May 22-23 in tributaries of the Delaware and 
Susquehanna Rivers in eastern Pennsylvania and adjacent 

rtions of New York and New Jersey. The Lackawaxen, 
Pehigh, and Schuylkill Rivers of the Delaware Basin, and 
the Lackawanna River draining into the Susquehanna 
River were the streams most seriously affected. 

In the Lackawaxen River at _—o Pa., the crest was 
the highest ever known; in the Lehigh River at Bethlehem, 
Pa., the second highest of some 150 yearsof record occurred ; 
in the Schuylkill River at Reading, Pa., the third highest 
stage of record since 1757 was reached; and in the Lacka- 
wanna River a stage of 2.6 feet above the high stage of 
March 1936 occurred at Scranton, Pa. 

The greatest devastation occurred in the Lackawaxen 
River Basin. Of the 33 deaths in Pennsylvania, attrib- 
uted directly or indirectly to the floods, 24 persons are 
known to have drowned or are still missing in this basin. 
Of the estimated $13,000,000 damage caused by the flood- 
waters, 45 percent has been fixed for the Lackawaxen Basin. 
Five deaths and 45 percent of the damage occurred in the 
Schuylkill and Lehigh River Basins. 

The weather preceding the floods was characterized by 
frequent rains over most of this area, during the first 3 
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weeks of May, with a petind of heavy rains on the 16th- 
17th. Beginning on the 19th, successive heavy showers 
continued until the early morning of the 23d, the greatest 
intensity ea generally between afternoon and 
midnight of the 22d. 

The analysis of the heavy 
pone of May 19-23 was prepared by the Weather 

ureau Office, Harrisburg, Pa.: 


The weather over the Susquehanna and Delaware River Basins 
during May 1942 was characterized by numerous periods of copious 
rainfall. hese heavy rains developed from recurring clashes 
between warm moist currents of air advancing from the West Gulf 
Region into the Upper Ohio Basin and deep colder air currents ad- 
vancing southeastward from Montana and the Dakotas. The 
circulations of these two radically different currents created a tend- 
ency for a cold cyclonic circulation aloft over the Lower Lake 
Region and the Middle Atlantic States. This contrast was fre- 
quently intensified by the presence of a second current of warm 
moist air advancing up the Atlantic Coast to the vicinity of the 
Chesapeake Bay Region. Thus was created a sufficient supply of 
moisture over eastern Pennsylvania and adjacent areas from 
which nature could produce heavy precipitation. On one or two 
occasions, the circulation was so complete that the normally dry 
air coming into Pennsylvania from the north and northwest was 
practically saturated although, moderately cool. 

The rainfall period of the 19th to the 23d with very heavy rain 
recorded over the watersheds began with a moderately strong high 
pressure system becoming stationary over the Atlantic adjacent to 
the New England and New Jersey coasts. This prevented a weak 
frontal system, moving slowly eastward north of the Lakes, from 
passing across Pennsylvania. normally. Another high pressure 
system developed over the Mississippi Valley and Western Lakes 

gion. During this time the Atlantic High continued a slow steady 
circulation of moist air in from the southeast, while warm moist 
air from the Gulf moved northward through the quasi-stationary 
frontal zone. The Mississippi Valley high pressure circulation con- 
tinued slowly and steadily to bring in much colder air from the 
northwest in the surface layers, while aloft over Central United 
States the presence of cold air resulted in the formation of a cold 
cyclonic circulation of dry air. The momentum of this cyclonic 
eddy as it moved eastward hel to deepen and accelerate the 
northward flow of warm moist air from the Atlantic. The area of 
maximum convergence in the moist current over the western portion 
of the Delaware drainage area was also the area in which the initial 
orographic lifting of the warm moist current began. While earlier 
periods of rain were coincident with surges along the nearly station- 
ary frontal system that persisted over Pennsylvania for approxi- 
mately 5 days, the very heavy rains of May 22-23 occu as & 
wave on the quasi-stationary front deepened and moved rapidly 
northward beyond Lake Ontario. 

The contrast between the inherent qualities of the air masses on 
either side of the quasi-stationary front appeared remarkably 
strong on the midnight map of May 21-22. The Washington radio- 
sonde showed a moisture content of 13.6 g./kg. at the surface, 13 g./kg. 
at 915 mbs. (3,000 ft. m. s. 1.), and 8 g./kg. at 700 mbs. (8,500 ft. 
m. s. 1.), while just under the level of freezing temperature (32° F.) 
on the sounding (near 12,000 ft.) the relative humidity was still 
high—94 percent with moisture content of € g./kg. This moist 
air was being slowly compressed against the eastern slopes of the 
Appalachians and being forced to ascend over the colder air which, 
in the lower levels, had a maximum saturation of 6-7 g./kg. As the 
moist air was conditionally unstable slight orographic lifting was 
required to set off heavy rain showers in northeastern Pennsylvania, 
southern New York and northwestern New Jersey. treme 
southeastern Pennsylvania and southern New Jersey received 
extremely light amounts of rain, although the same moist air current 
first moved over this area. Disastrous flash-floods in Delaware and 
Sullivan Counties of New York State and in eastern Pennsylvania 
reached Near? on the 23d due to excessive rainfall on the night 
of the 22d—23d. 


The damage caused by the floods of May 22-23 in the 
Delaware River Basin (exclusive of the Schuylkill) is 
evaluated at approximately $11,500,000. This figure 
includes all tangible losses, such as destruction of property 
(both residential and industrial), agriculture, highway and 
railroad damage. Intangible losses, such as loss of wages 
of employees, are not included. About one-half of the 
damage is estimated to have occurred along the Lacka- 
waxen River, over 40 percent along the Lehigh River, 
and the remainder elsewhere. In the Lackawaxen Basin 


alone, 24 lives were lost, of which 12 deaths occurred at 
Honesdale, Pa., and 9 deaths at Hawley, Pa. One death 
was reported at Allentown, Pa., in the Lehigh River Basin 
as the result of the flood. ; 

The following is quoted from a letter received at the 
Weather Bureau Office, Trenton, N. J., from Mrs. Della 
Pennell, river observer at Hawley, Pa., relative to the 
flood at that place (times given are Eastern War Time): 

I, among others at Hawley, am suffering from nervous strain due 
to that disastrous flood, the worst in the history of our town, that 
came so suddenly in the night of -May 22-23. -The waters began to 
recede about the middle of forenoon on the 23d. The highest river 
stage reading I got was 5.89 feet at 8 a. m. on the 22d. I took second 
reading at 1:15 p. m. and found the river had fallen to 5.69 feet, 
and as rain was light the remainder of the day, a flood did not seem 
imminent. It began to rain harder by showers at 5:30 p. m. con- 
tinuing heavier and heavier when at about 10 - m., volumes of 
water came down, never heard anything like it. Thunder and light- 
ning accompanied the showers which continued until 3 a. m. the follow- 
ing day, when to our consternation, we found that we, on the east 
side, were cut off from all communications with the west side, or 
main part of town, and all other places. The bridge at the eddy 
where the gage was, had been swept away about 4 a. m. on the 23d 
soon after the other bridge over the Lackawaxen farther up stream 
went down. Buildings were carried away. Nine of our citizens were 
drowned, who went to their doom in their homes. I am sorry that 
at that most critical time I was unable to submit any information 
to you, with gage gone, no telegraph or telephone and not even mail 
service until following Tuesday (26th). he heavy rain was con- 
sidered due to a cloud burst that was quite widespread. Much of 
Hawley, especially on low lands represents a shamble; loss to town is 
estimated to be one-half million dollars. The greatest volume of 
water fell between the hours of 10 p. m. May 22 and 3 a. m. of the 
= Living on high ground, I was in no danger from flood at any 
time. 


Losses in the Schuylkill Riyer Basin have been esti- 
mated at over a million dollars and four lives were lost. 
From the survey that was made to determine the losses, 
most of the damage occurred at Reading, Pa. At that 
place a crest stage of 22 feet was reached between 7:30 
and 9:30 a. m., E. S. T., of the 23d. In August 1933, a 
stage of 22.7 feet occurred. _ 

Rain that fell over the Schuylkill River watershed on 
May 16-17 had thoroughly soaked the soil and all streams 
were running at high stages on the morning of the 21st. 
Scattered showers and thunderstorms occurred over 
portions of the watershed during the 21st and the fore- 
noon of the 22d. In the afternoon and evening of the 22d, 
unusually heavy thundershowers again occurred over the 
basin above a The rain ceased generally by mid- 

ight of the 22d—23d. 

ainfall amounts measured during the periods May 
16-17 and 21-23 are as follows (the figures represent the 
7 a.m.to7 a.m.,E.S.T., accumulated 24-hour amount of 
May 16-17 and the 72-hour amount of May 20-23, respec- 
tively): Myerstown, Pa.,2.07 and 4.37 inches; Pottsville, Pa., 
2.86 and 5.60 inches; Tamaqua, Pa., 3.20 and 6.97 inches; 
Reading, Pa., 2.04 and 5.81 inches; Port Clinton, Pa., 
ie and 6.69 inches; and Sellersville, Pa., 1.50 and 0.58 
inches. 

Of considerable importance is the fact that while heavy 
rains occurred in the Schuylkill Basin above Reading, 
the rains were very light in Perkiomen Creek which drains 
into the Schuylkill below Reading. This is represented 
by the rainfall amounts for Sellersville, listed immediately 
above. Had heavy rains occurred there much higher 
stages would have been reached in Philadelphia, which, as 
it was, escaped serious damage. 

In the main Delaware River, the flooding was relatively 
light, except at Easton, Pa., where the Lehigh River 
empties into the Delaware, and immediately below. At 
Easton a stage of 28 feet, 6 feet above flood stage, was 
reached on May 24. A crest of 11.24 feet occurred at 
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Trenton, N. J., during the evening of May 23; this was 
followed by another rise, reaching a crest of 13.35 feet 
the morning of May 24. 

Most of the streams in the upper Susquehanns River 
Basin were in flood on May 22-23 but the damage was 
relatively light except in the Lackawanna River Basin 
wher destructive flooding took place as indicated pre- 
viously. 

Showers of excessive intensity began over the Lacka- 
wanna River watershed in the afternoon of the 22d and 
ended generally. midnight. The heaviest ‘amount 
reported, 7 inches between 2 and Il p. m., E. S. T., was 
measured at a station one mile east of Carbondale, Pa. 
Scranton, Pa., received only 2:65 inches in approximately 
the same period. oe 

The Lackawanna River began rising rapidly shortly 
after the heavy rains began. In the evening the river 
stage at Scranton was 5.7 feet, flood stage 7 feet, and at 
3 a. m. the next day (May 23) a crest stage of 11.6 feet 
was reached. 

Considerable damage occurred at Scranton and in the 
valley between there and Carbondale. Damage estimates 
approximate $800,000, with some 5,000 buildings inun- 
dated and 7 bridges destroyed. Only one death resulted 
(indiregy) from the flood. 

Mr.. West, Weather Bureau office, Scranton, Pa., com- 
ments as follows relative to weather phenomena observed 
during the afternoon of May 22: 

As is often the case in the warmer months of the year, a thunder- 
storm developed over the West Mountain Ridge to the west of this 
city (Scranton) between 2 and 3 p.m. It seemed to move north- 
eastward, paralleling the range and then was followed by further 
development to the southwest along the mountains and over the 
Lackawanna Valley. By a little after 4 p. m. the rain was falling 
in torrents, and continued until after 6 p. m. when there was a short 
lull followed by another spell of less intense rain between 7 and 8 
p.m. A total of 2.65 inches of rain was recorded between 4 p. m. 
of the 22d to 1 a. m. of the 23d. We have had storms of much 
greater intensity of rainfall but none with such heavy rain over such 
a wide area.! stated earlier, the storm activity seemed to grow 
along the West Mountain Range and to spread eastward from it. 

The following tabulation gives the flood crest heights of 
the floods of May 1942, and the crests of previous maxima 
at several points in the tributaries of the Delaware and 
Susquehanna Rivers: 


Previous maximum 
Period |_. May 1942 
River and station of: gage 
Delaware River Basin: 
Lackawaxen River: Feet Feet 
1908 1936 13.9 20.13 
1757 1850 23.2 22.0 
1902 1902 21.0 20.15 
Susquehanna River Basin: > 
Lackawanna River: 
1936 1936 9.0 11.6 


Two rises occurred in the Potomac and James River 
Basins during the month. The first rise followed heavy 
rains on May 15-16 centered over the upper James River 
and the upper tributaries in the Potomac Basin. The 
rainfall amounts averaged 4 inches in the James Basin 
above Lynchburg, Va., about 2 inches in the North 
Branch of above Cumberland, Md., and 
about 2.25 inches in the South Branch above Springfield, 


1 Re received la ter showed that 7 inches of rain fell between 2and 11 p. m., May 
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W. Va., and in the Shenandoah River above Riverton, Va. 
Maximum amounts reported were over 6 inches at Monte- 
bello and Balcony Falls, Va., in the James Basin and 4.5 
inches at Monterey, Va., in the Potomac Basin. 

Showers occurred again on the 20th followed by heavy 
rains late on that day and continuing until the morning of 
the 22d, most of the rain occurring during the last 24 hours. 
The distribution of the rains on May 21-22 duplicated 
that of the’storm of May 15-16 to a great extent. Gener- 

y in the second storm the amounts were somewhat less 
over the James Basin than in the first storm while in the 
Potomac Basin, the reverse was true except in the North 
Branch of the Potomac where the rainfall of May 21-22 
was relatively light. te ; 

Vhile no appreciable flooding resulted in the Potomac 
Basin from the first storm, the second storm produced the 
highest general rise in that basin since 1937. Losses were 
confined generally to the headwater areas and consisted 
principally of damage to prospective crops, land, fences, 
roads and bridges, with an estimated total loss of more 
than $145,000 from incomplete reports. The crest 
reached Washington, D. C., on the afternoon of May 24 
with a stage of 13.2 feet (flood stage 10 feet) at the Leiter 

above the city and 6.0 feet on the gage at the foot of 
sconsin Avenue (flood stage 7 feet). : 

In the James’ River Basin, general flooding occurred 
from both storms, the former rise being greater in the 
upper reaches while the latter rise attained greater heights 
in the lower reaches. The river crested at Richmond, Va., 
at 9.8 feet on May 18-19 and at 12.4 on May 24~25 (flood 
stage 8 feet). The losses in the James River floods totaled 
over $16,000, about equally divided between the two floods 
and in both cases generally confined to the upper reaches. 

Light to moderate overflows occurred in the Roanoke, 
Neuse, Peedee, and Santee River Basins from moderate to 
heavy rains on May 20-22. No damage of consequence 
was reported except in the Roanoke River, where a loss of 


$13,500, mostly to prospective crops, occurred. 
~ East Gulf of Mexico drainage.—The only flooding in the 
drainage took place in the Pearl River. The flooding, 


which was light, resulted from showers from the 12th to 
the 15th. The rainfall amounts varied from 2 tomore than 
8 inches during the storm period. Flood stage was 
exceeded at Monticello, Miss., by 0.4 foot and at Pearl 
River, La., by 1.8 foot. 

Upper Mississippi Basin.—Thundershowers with ex- 
cessive rainfall were quite general in the extreme upper 
Mississippi Valley and tributary streams from May 25 
and extending to June 1. The area of heaviest precipita 
tion was in the Chippewa and upper Wisconsin River 
Basins and in the section of the main Mississippi channel 
from St. Paul-Minneapolis to Lake Pepin. Light to 

oderate flooding occurred in the Chippewa, Wisconsin 

umbro and Whitewater Rivers. The flooding continued 
into June and a detailed account of the flooding can not be 
given at this time. mag 

e vicinity of Tracy, to yville, Iowa, on May 13-14 
and in the Meramec River Basin in Missouri, but there 
was no damage of consequence. 

Missouri River Basin.—Scattered local floods occurred 
in small streams in Montana and the Dakotas. On Ma 
13, severe flooding in the South Fork of McDonald Cree 
caused damage estimated at $12,000. The flood resulted 
from heavy rain on the snow-laden eastern slope of the 
Big Snowy Mountains. On May 24, overflows of small 


creeks near Rothiemay, Mont., caused by a heavy 
thundershower, resul 


in damage amounting to $4,000. 


‘ 
1 Record from U. 8. Geological Survey. : 
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During the latter part of the month some flooding occurred 
in the Sun and Missouri River Valleys near Great Falls, 
Mont. In South Dakota, a flash flood in Horsehead Creek 
vey Oelrichs, killed five people and damaged railroad 
tracks. 

Heavy rains in southeastern South Dakota from May 
12-14, produced exceptionally high stages in the James 
and Big Sioux Rivers. In some cases the highest stages 
of record were reached or exceeded. The stages remained 
above flood stage for several days. 

Floods occurred in the upper Solomon River at Beloit, 
Kans., and in the upper reaches of the Big Blue and Little 
Blue Rivers. The overflow in the Solomon River was 
slight and of short duration; the crest at Beloit was 3 
feet above bankful on the 4th. In the Little Blue River 
the flooding was also light and confined to Nebraska areas. 
The crest of Beatrice, Nebr., on the Big Blue River was 
1.6 feet above bankful on the 11th; at Barnston, Nebr., 
6.2 feet above bankful on the 12th; and at Blue Rapids, 
Kans., 5.5 feet above bankful at midnight of the 12th—13th. 
Below the confluence of the Big and Little Blue Rivers the 
overflow was slight. 

Damage from the flooding in the Blue River Basin in 
Kansas and Nebraska was estimated at $43,000, most of 
which occurred in Gage County, Nebr., and in Marshall 
County, Kans., along the Big Blue River. Lower sections 
of Marysville, Kans., and Beatrice, Nebr., were flooded, 
the latter largely by creeks in flash floods, with con- 
siderable damage to city property, which is included in 
the above estimate. 

The Grand River in Missouri was in light flood on two 
occasions during the month, on the 6th to the 8th and again 
from the 11th to the 29th. 

On May 5, a flash flood induced by excessive precipita- 
tion in extreme northwestern Missouri caused at ht 
property loss and moderate crop damage along the Tarkio 

iver. 

The Nemaha River in Richardson County, Nebr., was 
out of its banks on May 11-15. Severe damage was 
inflicted on highways, bridges and buildings with moderate 


damage. 
xcessive rain which fell over the upper Salt Creek 
Basin in southern Lancaster County during the night of 


May 10-11, caused flood conditions in small streams and 
considerable damage between DeWitt and Lincoln, Nebr., 
and in parts of the City of Lincoln where one man was 
drowned and property damage was severe. Light damage 
was reported at a few places along Salt Creek between 
Lincoln and Ashland, Nebr. 

The Missouri River at Nebraska City, Nebr., left its 
banks on May 6 and remained above flood stage until 
May 26. The flood, which was augmented by excessive 
precipitation in eastern Nebraska on May 11-12, crested 
at 18.43 feet on May 21, the highest stage of record at that 
point. Extensive flooding, especially in Fremont and 
Mills County, Iowa, occurred with severe loss to prospec- 
tive crops. 

In the extreme lower Missouri River, light to moderate 
flooding prevailed in the entire reach from Lexington, 
Mo., to its mouth. 

Ohio River Basin.—Heavy rains occurred in the u per 
basin of the French Broad River on the morning of May 
20 and continuing as light to moderate to light rain on 
May 21, Caleed the river to overflow until May 23. Al- 


though the average rainfall over the entire basin was not 

excessive, over 8 inches of rain occurred in the watersheds 

of the upper basin. The crest stage exceeded flood stage 

a almost 4 feet in the central portion of the basin and 
ightly less in the lower portion. 

e greatest damage was inflicted in Henderson County, 
in the upper basin, where the heavy rain together with the 
overflow caused losses to crops, roads, bridges, cattle, and 
soil. Very little damage was reported in the middle 
basin, and none at all in the lower portion. 

White-Arkansas-Red Basins.—Widespread floods in 
these basins during April, referred to in the April issue of 
the Review, continued into May. As full information has 
not yet been assembled, the report on these floods will be 
made in the next issue of the Revirw. 

West Gulf of Mexico drainage.—The unusually high flood 
in the Trinity River during April continued into May. 
Further rains in May produced additional crests in the 
upper reaches but they were not as high as those in April. 
In the lower reaches the main crest was reached during 
May. A full report of these floods will be given in the 
next issue of the Review. 

Precipitation over the watershed of the Rio Grande in 
New Mexico was the greatest of record for April, and a 
heavy flow into Elephant Butte Lake took place. Al- 
though high stages continued during both April and May, 
no serious peaks occurred. One rise occurred in the river 
above Elephant Butte Lake on April 23, and there were 
several minor levee breaks, but no appreciable damage 
occurred. There were two more peaks in May but as in 
April they passed without any serious damage. At the 
beginning of June, there was more stored water in New 
Mexico than ever before. 

On April 13, water was allowed to pass through the 
spillway gates of Elephant Butte Dam. The amount re- 
leased was increased irregularly until May 16. The river 
channel downstream was able to accommodate the heavy 
flow until the water reached the Candelaria-Presidio 
irrigation district, a narrow stretch extending along the 
river for about 40 miles. The highest stage in this reach 
occurred about May 27 and the flood continued after the 
end of May. About 3,500 acres of farm land were flooded 
on the American side of the river. 

In the lower Rio Grande, flood stage was exceeded by 
.7 foot at Mercedes, Tex., on May 22-23. 

Gulf of pm drainage.—Run-off from melting snow 
eg high stages in the Gunnison and upper Colorado 

iver during April and May. Two crests in April and 
two in May, at or above flood stage, were reached in the 
Gunnison River at Delta, Colo. The highest crest, 11.4 
feet, occurred on May 27. The Colorado River, at Grand 
Junction, reached flood stage (11 feet) on May 27-28. 
Damage from the high water was slight. 

Pacific Slope drainage-—Kings River was above flood 
stage at Piedra, Calif., on May 22-26 as a result of the 
first warm spell. No damage occurred as a maximum 
amount of water was used for irrigation purposes with the 
excess amounts going into Tulare Lake Basin. 

The Columbia River reached a stage of 16.4 feet (flood 
stage 15 feet) at Vancouver, Wash., on May 30. No 
damage occurred, 

Notr.—A tabulation of flood losses and savings for 
May will be given in the next issue of the Review, as 
estimates are to a great extent incomplete at this writing. 
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FLOOD-STAGE REPORT FOR MAY 1942 FLOOD-STAGE REPORT FOR MAY 1942—Continued 
{All dates in May unless otherwise specified] [All dates in May unless otherwise specified] 
Above flood Crest Above flood Crest 
Flood stages—dates Flood stages--dates 
River and station stage River and station stage __ 
From— To— Stage | Date From— To— Stage | Date 
ATLANTIC SLOPE DRAINAGE MISSISSIPPI SYSTEM—continued 
igh Feet Feet Missouri Basin—Continued 
7 22 24 15.6 23 
16 22 25.6 23 Big Blue: Feet Feet 
Schuylkill: 16 12] 17.6 ll 
8. 85 23 Barnston, 18 ll 13) 24.2 12 
13 22 24 | 22.0 2B Randolph, 2 13 13| 224 1B 
Delaware: 
22 23 2.0% 24 Brunswick, Mo. 12 144 17 
12 24 24] 13.35 24 Nebraska City, 15 6 26| 184 21 
8 23 23 13 | 1925 18 
B 
Got, 8 2B 84 23 Waverly, 18 { 21 2 | 189 6 
Chemung: 21 27 27} 27 
12 23 2] 120 23h 16 21.0 16 
12 23 23) 13.5 23 21 18 20} 223 19 
Scranton, 7 22 23} 11.6 23 = 
usquehanna: 
12 22 25] 15.75 23 8t. Charles, 25 27 31} 28.0 29 
Bainbri 12 23 24) 13.3 24 
a 14 23 25} 16.4 23 Ohio Basin 
South Branch of Potomac: 
Springfield, W. 15 22 23 20.1 23. Broad: 
Washington, D.C. (Leiter gage). 10 23 25 | 13.2 24 
James: ol White Basin 
Buchanan, 7 2 23 | 18.25 2 Black Rock, 4 5 6] 16.2 5 
im 3 3 2 2.8 | Apr. 17 
7 237 1g Georgetown, 21 | Apr. 11 12} ioe. 
19 2 24] 26.3 23 27.6 |Apr.i8-19 
Columbia, 16 20 | 23.9 18 £08, Age. Sims} 
21 26} 26.8 26 | Apr. 13 17| 20.3 Apr. 
Richmond, Va 8 18 19 9.8 18-19 21-22 
23 25 12.4 24-25 25 | Apr. 16 27.7 |Apr.27-28 
Danville: Danville, Va.........--...-- ll 23 23} 110 23 
noke: Arkansas Basin 
BY 327 Colo 2| Apr. 22| Apr. 80 | Apr. 23 
10 26 June2] 10.9 30 20 21 23} 22.0 22 
Neuse: ab 8| Apr. 24] Apr. 2%] 8&8 | Apr. 2% 
Neuse, N. 18 19] 14.3 19 Dodge City, Kans 5| Apr. 23 7.75] Apr. 28 
Lynches: 5 7 9.8 5 
14 28 29]; 143 29 #Webbers Falls, 23 | Apr. 25 2] 2.8 | Apr. 2 
30 23 24} 30.25 23 an Suren, Ark. pr. pr. 
22 | Apr. 26 3] 28.2 | Apr. 30 
Mars Bluff Bridge, 8. 17 25 22 | Abr. 28 si 
a: 20 | Apr. 26 5| 25.4 2 
6 22 23 8.3 22 23 | Apr. 28 4) 24.8 2 
25 | Apr. 28 6| 27.7 3 
Catawba, 21 10.4 22 Red Basin 
Wateree: Oo ita: x 
23 23 3] 2.0 23 17 | Apr. 29] Apr. 30] 23.6 | Apr. 20 
Savannah: Camden, Ark. 26 | Apr. 28 34.3 3 
Hagansport, 38 18 40.3 19 
EAST GULF OF MEXICO DRAINAGE ° . 
Naples, 22 18 291 27.6 22 
Monticello, 15 16 16] 15.4 16 Jefferson, 18 2 2 | 20.6 23 
25 | Apr. 26 5| 30.4 1 
pr. 
Upper Mississippi Basin Grand Ecore, La. 33 { 21 2% | 33.6 24 
32 | Apr. 14 31} 40.6 11-12 
Chippewa: Holcombe, Wis_...........- 22 30 | June 25.9 30-31 
Theilman, 36 June 2; 37.3 | June 1 Lower Mississippi Basin 
12 30 | June 18.65 Big Lake Outlet: 
De 12| June 1/| June 1] 122 | June 1 M 10 | Apr. 10 1] 143 | Apr. 
oines: 
14 13 14} 144 14 ~=Tallahatchie: 
15 13 15.2 14 26 | Apr. ll 2.3 | Apr. 16 
urbdeuse: 
0 ee 12 29 29; 129 29 WEST GULF OF MEXICO DRAINAGE 
Meramec: 
ino port, La 25 | Apr. 20 23 | 32.0 | Apr. 24 
pr 
Pacific. ...-..------.--------------- i { 31 (0) 16.8 | June 1 West Fork of Trinity: 
17 19 19; 19.1 19 
Missouri Basin Elm Fork of Trinity: 
Solomon: 6 19 21; 10.0 20 
18 3 21.0 4 East Fork of Trinity: we 
ue: 
Endicott, Nebr 12 128 12 Rockwall, 10 19 13.8 20 


See footnotes at end of table. 
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FLOOD-STAGE REPORT FOR MAY 1942—Con. FLOOD-STAGE REPORT FOR MAY 1942—Con. 
[All dates in May unless otherwise specified) {AD dates in May unless otherwise specified)... 
Above flood . Above flood 
Crest ‘ Crest 
stages—dates stages—date 
River and station River and station 
From— To— Stage | Date From— | To— | Stage | Date 
WEST GULF OF MEXICO DRAINAGE—Con. GULF OF CALIFORNIA DRAINAGE—con. | 
Trinity: Feet Feet Gunnison: Feet Feet | - 
19 23 22 ® 27 
o 22 25 Elgin, Utah. dad 12 a} 
Long Lake, 40 { Grand Junction, 27 1 27-28 
40 1 52.7 6 : 
berty, Apr. 10}; 28.9 PACIFIC SLOPE DRAINAGE 
21 22 21.7 22-23 San Joaquin Basin 
GUL OF CALIVORNIA DRAINAGE iedra, Calif. 10 22 26 | 10.95) 26 
North Fork of Gunnison: Columbia Basin 
Colum i 
Pasnia, Cote... of at 97 2% Vancouver, Wash 15 | | 164 30 
18 a. m. reading, probably not crest. « Continued into following month. 


3 Crest occurred in March, 
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CLIMATOLOGICAL DATA 


CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS : 
[For description of tables and charts, see Review, January 1940, p. 32] - 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with dates 
of oor the stations reporting the greatest and least total precipitation; and other data as indicated by the 
sever ings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the ‘ 
greatest and least monthly amounts are found by using all trustworthy records available. I 

The mean departures from normal temperatures and precipitation are based only on records from stations that " 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


Station i Station Station 
mia 
Jn. In: In. 
71.4 0.0 28 38 9 || 3.40 | —0.72 7.20 
63.8 | —2.3 120 12 —.83) .40 
68.0 | —1.1 30 36 3.89) —.99 10.16 
58.5 | —2.9 20 123} 1.75 | +.79 9. 53 
52.0) —.4 26 1 —.97 4.43 
75.2| —.3 19 19 || 3.37) —.58 8.75 
71.3 | —.3 19 4.20) +.89 11.00 
49.6 | —3.5 21 11 |) 3.14 | +1.47 5.72 
63.0} +.2 129 +.18 8.03 
63.5 | +1.2 29 156 4.04) +.08 6.29 
59.3| ~.9 29 16 || 4.70} +.67 9.00 
63.2}; —.8 30 15 |} 2.63 | —1.27 8.90 
65.4 .0 23 10 3.62; —.2 7.53 
-| 66.4 | +3.6 31 ll 88) +. Unionville, Md--.... 8. 56 
55.0) +.7 129 10 || 4.32 | +1.10 ae 10. 78 
62.8 | —2.5 do 123 16 || 5.51 | +2.28 | St. Paul (Airport)_../ 11. 29 » 
71.3) —.5 29 9 || 3.61 —.65 | Biloxi_.............. 8.32 | Corinth..............| .81 
63.8 | —.7 | Sikeston 28 4 || 5.31] +.62 11.86 | Caruthersville... 1.25 
49.3 | —2.8 | 2 stations._.......... 89 | 123 10 || 3.76 | +1.63 | Sun River Canyon..| 8.00 | Scobey_.............. 04 
87.3 | —2.1 |...-. 126 | 2 21 | 16 || 4.25] +.85 | Fort Robinson.....- 11.39 | 1.44 
62.8 | —3.0| O 107 21 | 7 1 +.06 ER 4.10 | 10 stations... ...... 
58.5 | +3.3 | New London, Conn_| 94 30 | West Cummington, | 20/ 11 || 2.98} —.35 | Mays Mill, Vt...... 6.87 | Middleboro, Mass.._| 1.17 
ass. 
64.3 | +3.9 | North Marchant-} 30| 25 | 11 || 2.41 | —1.27 | 5.30 | Barnegat City... 96 
58.9 | —.7 | 103 | 126 | Selsor .27| —.97 | 2.39 | 65 
New York. .........- 59.7 6 92} 113 | Indian Lake. 22) 111) 4.03] +.61 | Delhi. 8.28 | -| 1.27 
North 68.0 11 ount 92} Mount Mitchell....| 27 §.21 | +1.18 | Pisgah 13.94 | Newbern............. 98 
North 50.0 | —3.6 87 24 19 3.03 | +.71 | 6.90 | - 98 
62.5 | +1.9 | 30} 15 3.96) +.30 | Warren No. 7.63 | 1.97 
67.5 | —.9 100 | 126 | 32] 15 || 2.21 | —2.44 | 8.20 | Fairview............- 
50.6 | —2.7 | 94] 120 | 12| «1 || $27 | +1.52]| Brookings... 9.41 | 59 
62.5 | +2.8 | Marcus 99| 30 22 | 11 |i +1.78 | Lansford... 11.72 | 2 stations 1. 59 
South Carolina__.....| 71.0 | +.1 | 2stations._......... 95 1§ | Caesars Head. 39} 1811 4.46) +.05 | Caesars 12.02 | Lake 1.68 
South Dakota__....-. 52.7 | —3.8 95 29 --| 22] 13 3.00 | Wentworth 11.86 | Camp Crook_........ 1.91 
67.7 | +.8 | 98 29 | 33 8 20 —. 89 Tellico Plains__..... ~ . 52 
diel 72.6| —.4| FortStockton_....- 106 | 126 32] 15 || —.99 | 9.06 | T 
52.1 | —3.4 | St. 99 21 | 41} 171} 1.28] +.08 | Rice 6.72 | .00 
54.5 | —1.1 | 94 21 2 2.94) +1.00} Carbon River En-| 9.09) ite 
ion. ce. 
West 63.5 | +1.8 | 98 1 | Terra 27 | 26 4.61 | +.66 | Spruce 8.49 | Ravenswood_........ 2.64 
54.2 | —1.1 | 91 | 129 | 23 | 10 6.37 | +1.72 | Marshfield.......... 1.02 Plum 3.05 
47.0 | —2.6 | 26 arshal] (near) 1 2.97 | +.95 | Kirtley (mear)__..... 
Alaska +5.9 | View 67| 13 20/116 |} 1.65 | +.15 | 03 
+.8 92 27| Voleano Observa-| 46/ ‘1 || 5.08 | —1.50 | Honomaele Mauka__| 34.13 | 4 stations__.......... 00 
Puerto 77.8 | +.9 96 19 | 57] 11 || 689] —.85 | 20.18 | Coamo (near)_....... 1.17 


. 
a? 
a 
; 
1 Other dates also. 6 
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Temperature of the air 
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CLIMATOLOGICAL DATA FOR WEATHER BUREAU STATIONS—Continued 
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|| 
|_| | 
Pressure | 
. | In. ‘ 
| 
| .0 
| 
| .0 
| .0 
| .0 
| .0 
| .0 
| 
| .0 
| 
| 
33 52 | .0 
54 | .0 
40) | .0 
30) 53 .0 
42) 54 .0 { 
40) 55 
25| 54 | 
34) 54 0 
.0 
29) 55 | .0 
} 33) 55 -0 
53 | .0 
| 
48 0| 4 
53 10 
31) 53 5 
40) 44 
41) 45 0} 3 
34) 53 69 
29] 50 0| 5 ; 
36) 49 0} 7 
35; 43 0 5 
35) 47 7 
36] 45 64 
37| 44 0} 5 
36] 45 0} 2 
34) 44 3 
32 | 
30} 50 7 
32} 51 0} 7 
29) 51 0; & 
5 
54 10 
54 9 
53 
7| 56 12 
87 | 9 
56 
57 
57 9 
57 67 
56 
54 D| 
2; 54 10 
2) 47 8 
52 i 6 J 
49 7 
45 
2} 44) 
42! 
4 J 
46) 4 ‘ 
‘ 
9 


aed €b 
tod soliw 
£3100] 
uy | & Sis 
gs punoi3 ; BSS 
Se o 


a 
34 
x 

te N 
inte, 
% 
Kal, 
\ 
hom. 
x 
of 


May 1942 


MONTHLY WEATHER REVIEW 


111 


SEVERE LOCAL STORMS, MAY 1942 
[Compiled by Mary O. Souder] 


[The table herewith contains such data as has been received concerning severe local storms that occurred during the month. A revised list of tornadoes will appear in the United 
States Meteorological Yearbook] 
Width | Loss| Value of 
Place Date Time of path, | of perty | Character of storm Remarks 
yards life lestroyed 
Duluth, and 1 | 2:30 p. m._.- $10,000 | Thundersquall....| Considerable property damage; 1 n injured; path 20 miles long. 
Nerv Green a Bay and M 5 A SOBER acchicrenemnl-enies 1,400 | Wind__..--...---. Barns, sheds and silos Part of the roof of the Menomomis 8 
en ue to rough seas, 1 req: 

to Roachdale, over 3, 000 Property damaged. 

Noble, Pawnee, Osage, 2 | 2:30 g m., | 67-1, 760 3 30,000 | Tornado, rain and | This storm formed a few miles south of Morrison and traveled northeast- 
Washington and Nowata C.8. T. hail. ward over a zigzag path for about soo miles. At Pawhuska, in Osage 
Counties, Okla. County, gy all homes in 12 blocks were destroyed and in this 

were injured, while to property was esti- 
Continuous heavy rain accompanied by hail was 
A — ‘the storm struck Pawhuska. Damage caused by h 
pom could not be determined. Much of the territory over which the 
FS is grazing and pasture land and crop loss was therefore 
nomin 

Cushing, 2 miles south to 2 | 3:15-6:30 100-880 7 65,000 | Tornado and hail__.| Many buildings destr trees uprooted, and power lines down. Many 
Turley nF Sperry, Okla. ~ 2 Persons injured. P: 55 miles long. Loss from hail not estimated. 

= ee Kans., and vicin- 2 3:30 p. m_..- 1S licad 7,500 | Heavy hail_____._- Loss to crops, especially oats and wheat; path 14 miles long. 

MeCloud to , Okla., 2 | 3:30 1, 320 16 116, 000 | Tornado... __.._... Many homes and other buildings demolished and much 
and Cc, dam . Several towns in Paden, Boley, 

Welty felt the disastrous effects of this storm, but greatest loss and de- 
struction and loss of life occurred in the Negro district just north of Childs- 
ville where 16 persons died and many were injured. Property damage, 
$41, 000; crop loss, $75,000; length of path 60 miles. 
eat, Chenute, i 2 | 3:30-5:20 p. | 2, 200- 3 Ne Chief damage to rural property, power lines and a school building; path 88 
boldt m. 2, 640 miles long. 
Bolceurt, and 
nities 

Iola, Colony and Lone Elm, 2) 4p. m___..-- 440 100, 000 | ....- ke ke Moy farm residences, barns, and outbuildings destroyed. In Be 
Kans., and vicinities. of Colony snd Lous Him,’ 9 residences asd 2 barns were dém 

ong. 

Leavenworth, Kans., west of_- yo aes SIRE ice 4,500 | Wind............. Loss in crops; damage to property; path 10 miles long. 

1.7 1,000 | Heavy hail_______- Loss to crops; path 15 miles long. 

1,000 | Wind, rain and, | Barns and outbuildings destroyed; trees uprooted. 

South Dakota, south-central | 46 |..............].......-..]...---]------------ Heavy rain and | Some damage especially in Jones and Lyman Counties by flooding in low- 
portion. snow. lands; orcs overflowing and roadbeds weakened by washouts; some 

wer lines down. 

— County, 8. C._._.. Electrical Lightning struck a school setting part of it on fire. 

an y of. 

7p. m....... 60,000 | Heavy Chief damage to wheat over & path 6 miles lo’ 

miles no 

Haskell, Gray and Ford 10 | 5-7:45 p. m-_- 67 |....-- 000 | Heavy hail____.._. Extended from northwestern yo of Haskell County to > Bete City in 
Count “ ™ ™ connection with the tornado that occurred about t time. 

on crops; path 50 miles long. 

Haskell, Gray, and Ford 10 | 5-8 p. m___-.- 440 0 80,000 | Tornado._.___.._. riginated in north-central *raskell County and ended north of Dodge 

Counties, Kans. Ome Damage to farm property except in vicinity of Dodge City, where 
the "noel and dormitory of St. Marys Academy were demolished. A 
suburban cafe and dairy barn badly damaged. Two persons slightly 
my. path 48 miles long. 

Lenora, Kans., th, 30, 000 | ....-. Damage to farm property; path narrow and 4 miles long. 

Nemaha County, Kans 50,000 | Heavy hail_. Loss in cro 10 miles long. 

York, Nebr., and vicinity. 11 | 5-6 p. m____- 440 13, 000 Tornado and hail_| Church and al on | farm destroyed. 

Oketo, Kans., vicinity - rae 11 | 5:45 p. m__-- J) ee 10,000 | Heavy hail___.___- Property Ga mage, $350; loss in crops, $9,650; path 5 miles long. 

11 | 11-12 p. m_. 4,000 | Loss in small grains and gardens over an area about 4 miles square. 
12 | 1:30 a. m__- 18, 500 Messy hail and | Crop loss, $11,000; property damage, $7,500 
Shepherd, Tex__............-- 12 | 4a.m___.... 11] 0 25,000 | Tornado and hail.| Property damaged; loss in livestock. 
Venango to Elsie, Nebr------ 12 | 4-5:30 p. m_. 0 50, 000 | Property damaged; 3 persons injured. 
—6m 

Oconto, Lodi, Berwyn, Wes- 12 | 6-8 p. m___.. 12-10 0 DD Fannin guaiehine oil Farm buildings destroyed with rye aa. In the vicinity of Broken 

terville, Welssert, and Bow hail damage was estimated 
‘oms' ebr 

Ae Peapet,, Feet, and 12 | 8-11 p. m___. 440 6 80,000 | Tornado.........- Farm buildings demolished or damaged; several persons injured. 

olt Counties, Ne 

Menno, 8. Dak.. vicinity of-- 10,000 | Heavy hail__...._- Less in crops, $5,000; pnts 

Morton to Albertville, inn., 13 | 12: 10-2:48 p. 100 155,700 | Tornado, heavy | Number o houses demo! and = — 2 damage reported; length 
and vicinities. m. rain, and hail. of path 6 S yt miles long. A funnel cloud observed 

Polk to St. Croix Counties, 13 | 3-4 p. m__..- 17-33 50,000 | Torando.-.......-- 2 houses and 12 barns demolished; livestock injured and trees uprooted 

Wis. 2 persons A, 1 seriously; path 10 to 12 miles long. 
Black River Falls, Hatfield 12 | 3p. m.....--. 100-167 1 100, 000 | ..-.. fee Ee oe Many homes and business damaged, several demolished; 1 person 
Loyal, vicinities. seriously injured; path 35 
Columbia, Mo. Tornado and hail.| A farmhouse and 2 filling statio: molished; other damaged. 
Antigo, Vicinity 0 15,000 | 2 tornadoes___...-- 1 appeared in the southern boundary of Lang unty, moved 
northeastward, passed 2 miles west of the city and ended about 4 miles 
north. Another tornado came from west of the city and closely followed 
the latter part of the path of the first, only half a mile separating the 
paths at 1 place. At least 2 farm residences were damaged and a number 
of barns and smaller buildings damaged or demolished. 

Calamus, 3, 000 be! and crops washed out by flooding rain, $1,000; property damaged, 

vy 

13 | 5:30-6:40 p. 100, 000 | =< Property damaged; crop loss not given, 

m. an 

Ruston, La., and vicinity 14} 2 Cc Considerable damage cotton, corn, oats, and truck. 

Pahokee, 14 | 7-7:30 m. Much damage, not estimated. 

Canal Point, Fia............. 14 | 7:20-7:45p.m_; Se teow 5, 000 _.do__._........| Loss in gardens and fruit. 

Monticello, Miss. vicinity of. 14 Heavy hail__.. |..| Much crop loss; chickens and livestock killed. 

Kersaw County, 0 2, 000 Church demolished and several nearby structures damaged. 

16 | 5p. 440 |.....- Barley, rye, and gardens on — farms damaged. 

Bern, Kans., vicinity of_.-.-- 17! lla. 60,000 | Heavy hail_....... principally to crops; path 10 miles long. 


1 Miles instead of yards. 
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SEVERE LOCAL STORMS, MAY 1942—Continued 
Width | Loss| Value of 
Place Date Time of path, | of perty | Character of storm Remarks 
yards life estroyed 

Ringgold to Osceola Coun- fe, 5 eee POS Bceed $30,000 | Hail, wind and | Chickens and pigs killed; strawberries and truck damaged; windows broken 
ties, Iowa. heavy rain. and roofs damaged. Gardens, clover, alfalfa, small grains and corn 

damaged by hail and flooding rain; path 35 miles long. 

Tishomingo, Okla......----.- 17 45,000 | Hail and Loss fruit and truck, $30,000; damage to property, $15,000; path 30 

m ong. 

Navasota, Tex., vicinity 18 | 5p. m......-. 50, 000 wind | Crop Toss, $49,000; property damage, $1,000. 

an 

18 | 6:35-7 p. 15,000 | Heavy Property damaged; crop loss not estimated. 

Minnesota, east-central and ER tg etd pd 1 78,500 | Heavy rain and | Frequent light to heavy rains during the month resulted in high water in 
lakes and streams. Highways, roads, and lowlands inundated. A 

farmer drowned near Ortonville. In the vicinities of Pine City, Ruth- 
ledge, Aitkin, and Ortonville, there was considerable washing and flood- 
ing of prospective crops. 

vier and Grant Counties, 19 | 5:30-6:30 p bo y Ae 60,000 | Heavy hail........ Path not continuous; loss in crops; path 30 miles long. 

ans. m. 
Townville and Fair Play, Considerable wheat and oats beaten into the ground and many fields of 
ae young crops had to be replanted. 

Clay Center, 10,000 Small grains and gardens damaged. 

21 | 4p. m___.-.- 2, 640 10, 000 Small grains, gardens, roofs, and windows damaged. 

Nuckolis County, Nebr-_----- 21 | 5p. m____- 13-6 |------ 40,000 | Hail and wind____| Loss in small grains; trees, small buildings, roofs, and windows damaged. 

Hand County, 8. Dak.......- Uk” pe eee See 2, 500 a rain and | Roads, pe me bri washed out; trees, fields, and gardens dam- 

aged; po ed. 

Kans., 3 miles Tornado. Funnel observed by many persons, but apparently did not extend to 
southeast. ground. 

Monet. 22 | 34 p. m....- \880-1, 2,000 | Heavy Drifts of hailstones a foot deep along the highway. 

Ravalli County, Mont_____..- 22 | 5:40-6p. m-_- 0 | ae" Saas Rain and hail__-__- Damage to peas and gardens: fields washed by heavy rain. 

Walla, Columbia, and Gar- ee a i onceces 12-10 |------ 100, 000 |___-- a RE The major portion of the damage was caused by floods in valley and gorges 
field Counties, Wash. . due to the high intensity of the rainfall for a short duration. Damage to 

s, bridges, buildings, crops, and livestock. 

Delaware and Sullivan Coun- | 22-23 |..............].-........]------} Heavy rain and | Many thousands of dollars’ damage as buildings were swept away or col- 

ties, N. Y. : lapsed; highways inundated and bridges and savonde washed out. 
Erosion and flooding caused extensive agricultural loss. 

Custer County, Mont-.-..-.-.- 24 | 1-1:20 p.m 2, 640 |.----- 60,000 | Heavy hail______- = and lambs killed. No crop loss as vegetation not sufficiently ad- 
vanced. 

Minnesota, extreme south-/ 25-31 |_...........--|----------]------ 100, 000 | Rain and flood__..| Heavy to extensive rains washed out highways, roads and bridges, and 
eastern and southwestern railroad tracks; many basements and streets flooded; merchandise dam- 
counties. aged; creosote block pavements buckled. A number of houses and other 

buildings partially submerged; lowlands inundated; growing crops dam- 
aged considerably; much poultry perished. 

Bryant, 8. Dak., vicinity of. 27 | 6:15 p. m__-_- 100 A funnel cloud dipped down several times destroying a feed barn, stock 
pavilion, and farm elevator; uprooted 27 trees and disrupted light and 
eee y= besides breaking plate glass windows and store fronts; 
yards long. 

Bixby, Minn., and vicinity - 6. 15,000 | Thundersqualls...| Barn and railroad coal shed demolished; some buildings moved from their 
foundations or otherwise damaged. Chimneys toppled, automobiles and 
farm machinery damaged; trees uprooted, poles and wires down; path 
several miles long. 

Clark and Hamlin Counties, Wind, rain, and | Storm cut a 10-mile swath across these counties damaging many buildings, 

8. Dak. ail. washing out railroad tracks and cutting off communication. 

Big Stone, Lac Qui Parle, and 21 70, eR ho AR. 28,100 | Thundersqualls._..| Number of barns; outbuildings, and windmills demolished; many farm 
Yellow Medicine Counties, . buildings damaged; trees uprooted. 

Silverton, Tex., vicinity of... 20} 6p. m...... il 0 10,000 | Tornado and | Buildings on one farm eey destroyed; number of other farm build- 

heavy hail. ings damaged and stock killed. 

=. St. Paul, Minn., 5, 060 nderstorm | Considerable damages in places to gardens and property. 
and v ty. .m. and hail. 

Big Stone, Lac Qui Parle, 29 9b. Much damage in places to growing crops and Much poultry 
and Yellow Medicine and some livestock perished. Some fields of flax practically ruined and 
Counties, Minn. small grains damaged. 

Silverton, Tex., vicinity of- 11 To House and several barns wrecked; other damage reported. 

Del Norte, 100,000 | Wind and dust ...| Chief damage to plate glass windows. 

Michigan, Muskegon and 8 2X late 1 30-50 ) 500,000 | Thundersqualls.__| Throughout the entire belt trees and utility poles were down and roads 
Ottawa Counties—east- were blocked in many sections. Most extensive damage in the vicinity 
southeastward across the of Howell where 4 persons were killed, 75 barns blown down, houses and 
lower peninsula. buildings ——— and orchard and sliade trees uprooted or broken off 

with estimated damage at from $325,000 to $350,000. Scattered local dam- 
age in other parts of the State. 

4:40-6 p. m_- 6, 000 wind | Loss to crops. 

an 

Lyon, Oscola, and Dickinson 30 | 5-6: 30 p. m- 880 0 60,000 | Tornado and hail._| The disturbance developed southeast of Little Rock and west of Sibley at 
Counties, Iowa to Jackson about 5 p. m., causing damage to buildings on lfarm. About 6 p. m., the 
County, Minn. storm developed at a point 20 miles to the east near Harris and proceeded 

to move very slowly east-northeastward passing near Lake Park and 
crossing into Jackson County, Minn. Serious damage occurred on 8 
farms in Iowa and 3 in Minnesota. The path was about 12 to 14 miles 
long. It is reported that 3 funnel clouds were observed at one time. 

30 | 6p. SR Loss in crops. 

Jackson County, Minn__-...-- 0 15,000 | Tornado. Serious damage on 3 farms. 

Ness, Trego, and Ellis Coun- tes y See 13-8 |_...-. 200,000 | Heavy hail..-_--- Storm extended from near Utica to eastern part of Ellis though the path 
ties, Kans. was not continuous. Chief loss to wheat. Property damage occurred 

at the Fort Hays Experiment Farm; path 55 miles long. 

30 | 8:15 p. Loss to crops; property damaged. 

Sauk Centre, Minn., and 30 | 10:30 p. m_-- t's La 77,000 | Thunderstorm and | Extensive damage in places to property and growing crops; much poultry 
vicinity. hail. and some livestock perished. 
Pa., vicinity 3,000 | Electrical Barn with contents burned. 

Morris, Minn., and vicinity -- 31 | 12:30 a. m__- 880 j.....- 2, 000 — and thunder- | Much damage to growing crops; path 2,640 yards long. 

storm. 
Guymon, Okla..._-.-...-..-- 31 | 2:40-4:18 1, 320 0 75,000 | Tornado and hail._| Property damaged at the Oklahoma Electric and Water Plant disabling 
p. m. the plant. 2.54 inches of rain fell in 20 minutes. Many residences de- 
stroyed and buildings damaged; crop loss $75,000. 

— we Fag Mar, Kans., 31 | 4:30 p. m__. 200 0 50,000 | Tornado--_-__..._- Many farm buildings totally destroyed; path 8 miles long. 
and vicinities. 

Grant County, 31 | Sp. ig 15,000 | Heavy to northeast across the county. Loss to wheat; 

pa miles long. 

Cfeee and Clay Counties, 31 | 6-9 p.m 880 0 6,000 | Tornado and hail__| From 50 to 100 percent of wheat damaged; path 4 miles long. 

25,000 | Wind. ............ Chief damage in Manhattan where many trees and power lines were blown 
down with some damage to buildings and automobiles; path 4 miles long. 

Perry and Cumberland Coun- oe OR re ia, 100,000 | Wind, hail, electri-| Grain lodged; houses unroofed; silos blown over and buildings moved on 
ties, Pa. cal. their foundations. Trees and utility poles down. Property damage, 

$65,000; crop loss, $35,000. 


1 Miles instead of yards. 
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SOLAR RADIATION AND SUNSPOT DATA FOR MAY 1942 
[Solar Radiation Investigations Section, I. F. Hann in charge] 


SOLAR RADIATION OBSERVATIONS TaBLE 1—Solar radiation intensites during May 1942—Continued 
Explanations of the tables, and references to descrip- [Gram-calories per square centimeter of normal surface] 
tions of instruments, stations and methods of observation, LINCOLN, NEBR.—Continued 
and to summaries of data, are given in the January 1942 
REVIEW, p. 20. Sun’s zenith distance 
Beginning with this issue, total solar and sky radiation 
data from Put-in-Bay, Ohio, regularly will appear in a. 'm. | 787° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | 130 
table 2 through a cooperative arrangement between this 
Bureau and Dr. Thomas H. La Director of the welae Air mass Local 
Franz Theodore Stone Biological Laboratory, and Prof. mer. oy 
David C. Chandler of the same institution who has imme- " A.M. P.M. time 
diate supervision of the pyrheliometric equipment. The 
(188.4 82°49’30’"W. altitude 618 feet May 30__..... 1.28) .78| .58| .45| 16.79 
Put-in-Bay is on an island about 5 miles wide and 10 
miles long in Lake Erie, 20 miles north of Sandusky, Ohio. 9 
Ohio State University is making intensive biological ALBUQUERQUE, N. MEX. 
studies of the vegetable and animal organisms in this, the 
shallowest of the Great Lakes. This university finds that ,,,., mmm | oat. | oat. | oak | ent. | cat. | ont, | cot. | cal. | col | mem 
solar radiation which penetrates through the water is of May 417 136) 
(Gram-calories per minute per square centimeter of normal surface] May il | | | | 
May 3.63 | .86| L11/ 1.28) 130/ 1.04 3.15 
7:30 1:99 May .93| 1.25/ 102| | 602 
a.m, | 78-7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7°| May 7.67 | .67| .84| 1.05) 1.35] 106 9. 47 
mer solar 1.34] 1.49) 1.30) 123/108; 5.16 
time P.M time May 30__..... 3.45 | 1.00 | 1.08 | 1.34] 1.55) 1.30) 114) 495 
May 31.....-. 3.15 | 1.02} 1.10} 1.18 | 1.35 1.53 | 1.32) 116/ 106 98 | 3.63 
e 5.0 4.0 3.0 20 | 1.0] 2.0 3.0 4.0 5.0 e -% | | 126) 124/112) 90 |.--...- 


£. 

cal. | cal. | cal. | cal. | cal. cal. 

May8_......| 6.27 | 0.64 | 0.75 | 0.88 | 1.06 | 1.24 6.50 Beg ...---- 

May 7........| 4.87 1.29 650 |—.24 |—.28 |—.@8 |—. 16 |—. 21 |—. 12 |—.11 |—. 10 
May8.....| 6.27 | 194/070) 066/054| 881 
May 15._....| 495 | 210] 602 *Extrapolated. 
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TaBLE 2.—Daily totals and weekly means of solar radiation (direct + diffuse) received on a horizontal surface 
{Gram-calories per square centimeter] 


San 
* Date | Wash-| Madi-| Lin- | Chi- | New | Fres- | Fair- | Cam- | Nash-| Twin | New | River-| Blue | Friday New- | State |Put-in-| 3°% 
a ington} son coln cago | York no | banks | bridge} ville | Falls | Orleans] side Hill | Harbor| Ithaca; port | College} Bay | below 
3132 A 

milli- 
\ Apr. 30 546 514 226 535 576 256 671 590 206 597 555 588 542 332 
“hac May Recs 577 340 217 421 642 468 538 559 493 565 519 427 

a May 2.. 465 380 65 634 378 668 534 698 616 542 318 655 429 591 414 

, May 3-- 565 218 340 310 403 332 390 667 473 598 343 520 454 314 155 

ft May 4.. 325 368 280 303 297 189 423 663 403 617 445 381 444 254 
; May 5 680 182 63 444 653 677 120 634 684 574 310 703 738 640 149 
“} May 6 491 30 158 178 463 548 457 622 595 253 637 341 176 138 

Mean 193| 450 433} 561 574| 502} 420 287 

Departure... +45 | -152| —264 —6 —5 —39 +14 +81 +82 +83 
>) = 263 630 635 260 80 680 56 334 208 498 58 514 71 62 412 

; May 8.. - 431 676 618 618 351 Sy Benowescid 254 350 616 316 663 328 376 186 461 115 636 319 
BMar ©..4.-..-é 521 330 596 184 62 > ae 309 642 447 692 620 279 520 624 356 598 618 132 

"7, 383 685 187 537 634 5 oe 460 459 470 618 406 450 228 740 486 775 746 357 

gg. ee 652 53 373 222 684 St Saecaetnd 663 567 707 550 710 221 700 743 719 268 193 

556 199 549 259 535 684 |.......- 347 583 307 122 686 337 233 320 459 380 

624 433 600 521 594 Se Eiescted 536 602 512 300 669 472 210 592 650 621 323 

494 429 372 420 670 503 375 505 455 423 584 376 459 432 525 476 286 

+30 —25 +54 —57 +32 +42 —121 +40} -107| —185 -4 —69 

462 208 625 650 610 340 | .....-.. 125 346 378 665 309 492 655 4G4 585 348 392 

542 68 692 48 507 ee i tiewond 408 324 204 489 653 396 726 442 490 308 56 301 

, 79 623 519 600 175 _ 4 «eee 456 698 7a 731 637 487 673 235 451 307 125 198 

625 430 534 530 457 Bt Eelerwonae 205 726 742 691 671 242 560 229 262 458 547 288 

ay 655 348 696 366 682 | Semeber 103 277 519 549 649 127 696 640 254 , a Fares 

; 354 685 244 579 234 @85 j.......-. 309 465 678 529 629 314 306 238 510 350 667 66 
% 317 343 580 368 349 | ae 313 74 681 669 634 311 637 68 ot 105 262 

433 386 556 449 431 633 449 274 416 565 648 312 584 358 416 409 302 275 
—43 —90 +43 +8 —38 —19 +2] —136 —43 | +127| +124] —195 +47 —108 | 
“ae 417 414 224 609 184 98 536 ere 559 109 423 121 312 113 659 345 
Pe 245 723 278 657 323 170 506 433 734 488 181 543 208 245 188 152 417 

al 578 544 496 548 267 240 431 316 593 611 214 415 446 411 464 574 443 

ee ee 630 706 641 540 429 547 481 286 456 370 486 414 529 543 265 298 
ny f 540 664 337 60 525 524 610 478 560 460 324 324 590 202 650 450 

sae 622 253 621 144 656 525 286 370 7i3 656 514 722 666 692 587 466 402 

f : 448 411 549 508 481 619 418 619 665 461 521 317 435 444 621 370 

Mean_......- 475 520 459 518 429 352 505 670 571 330 491 357 459 363 484 394 
Departure....| —25 +21 —83 +41 —48 —193 | +133 +32 | —133 —88 | —143 —28 
| es 632 258 634 481 670 636 550 624 682 683 671 485 796 672 751 632 370 
fF ents 624 460 668 578 650 557 377 281 653 645 573 596 701 699 524 117 
May 30._...._. 568 558 599 713 §21 520 658 533 643 502 338 439 606 440 513 
May 31......... 506 198 315 511 4 445 646 637 676 393 353 500 474 597 428 
/ rte 132 212 513 578 107 592 642 672 613 625 609 626 152 517 100 572 76 
. | eee 194 358 495 464 135 243 515 548 666 562 254 650 239 177 164 388 140 
" June 3.......... 317 514 625 388 227 733 82 590 A 195 526 107 342 332 136 449 606 
Mean._.--...- 425 365 550 547 721 559 452 594 593 515 624 454 481 436 469 457 523 222 
---| —83| —126 +30 —117 +43 +86 -1 +47 +78 —85 —69 —55 —59 
—532 | —2, 604 +343 |—1,638 | +511 |+1,953 | —588 —2, 779 |+2, 149 |+2, 485 |—3, 066 |—2,058 |—2, 268 |—1,057 | —1, 302 
ACCUMULATED DEPARTURES ON JUNE 3 
+2, 338 | —3, 108 |—3, 899 |+3, 101 | —105 | +371 |+1,092 | —679 |-..-..-- —1, 890 |+8, 078 |+5,803 |—3,948 | —196 |—1,365 |—1,554 |.....-._|.-.--.--]_-.----- 
j ’ POSITIONS, AREAS, AND COUNTS OF SUN SPOTS FOR POSITIONS, AREAS, AND COUNTS OF SUN SPOTS FOR 
MAY 1942 MAY 1942—Continued 
Communicated by Capt. J. F. Hellweg, U. S. N. (Ret.), Superintendent, U. 8. Naval 
Observatory.] AI] measurements an " spot counts were made at the Naval Observa- Heliographic 
tory from plates taken at the observatories indicated. Difference in longitude is meas- Pp 
ured from the central meridian, positive toward the west. Latitude is positive toward East- Area 
emisphere. For each day, under longitude, latitude, area of spot or group, . son < po 2 
count, are included assumed longitude of center of the disk, assumed latitude of center Date group Lon- | ati- count} Observatory 
of the disk, total area of spots and groups, and total spot count. time No. in gi- tude | cen- y 
tude group 
ter of 
Heliographie tude 
East- Area 
ern Dif- Dis- | of Plate 
Wilson Spot 3/ 8 50 7429 | —30 45 | —10 31] 145 1| VG | Mt. Wilson. 
Date | stand- fer- tance} spot qual-| Observatory 
ond group ence Leti-| from! or count} ity 7423 | +44/) 119] +8 46 | 170 18 
time tate | | (75)| (—4) 315| 19 
tude disk 
4/11 18 7429 | —16 45 | —10 17 97 4| G | U.S. Naval. 
7423 | +58 119] +8 60 | 291 17 
1942 hom ° ° ° ° 
May 1/11 27 7429 | —57 43; -9 57 | 242 1 F U. 8. Naval. (61)| (—4) 388 21 
12 | 4as| as] 3 
7423| +416] 116] +9| 21] 48| 5 Do. 
7423 | +20 | 120] +9 23 12 4 7423 | +70} 118 71 4 

7430 | 134 | —22 36 12 1 7423 | +76 | 124] +8 77| 201 3 

7426 | +73 | 173 | —13 73 24 1 

(100)} (—4) 410} 17 (48)} (—4) 16 

j 2/10 8 7429 | ~43 45} -9 43 | 124 1| F Do. 6/10 33] (*) +3 38 | —13 10 12 5| G Do. 

7423 | +30, 118] +9 32 97 12 7429 | +9 44 | —10 ll 73 7 

‘ (88)| (—4) 200} 13 (35)| (—4) 85| 12 
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POSITIONS, AREAS, AND COUNTS OF SUN SPOTS FOR POSITIONS, AREAS, AND COUNTS OF SUN SPOTS FOR 


MAY 1942—Continued MAY 1942—Continued 
Heliographic Heliographic 
East- | Mount Area East- | Mount Area 
Date - | grou - - tance coun -| Observatory Date - | grou - t t | count -| Observatory 
ard ence | gi- -|from| or Tey ard Nee pn - | Lati- ity 
in | tude | tude | cen- |group in | tude | tude | cen- |group 
ter of ter of 
tu disk tu 
1942 hom ° ° ° ° 1942 hom ° ° ° ° 
7/11 7433 | —79 | 302 | +14 79 | 242 1 G | U. 8. Naval. 21;11 7 (*) —18 | 178 | —12 21 12 G Mt. Wilson. 
7432 | —70 | 311 | +12 71 97 1 7439 | —11 185 | +14 20 97 1 
7431 | -3 +6] 10) 2% 3 +18 | 214] —11 22 6 1 
7429 | +19 40 —13 24 7 +32 33 12 2 
7429 43 | —10 48 6 7435 | +80 | 276) —5 80 48 1 
(21)| (—4) 435 18 (196)| (—2) 175 & 
10 35 7433 | —65 | 303 | +14 242 1| Do. 22/14 ll 7439 | 185 | +14 18 73 1] VG | Naval. 
7432 | —57 | 311 | +12 59 97 1 (*) +8 | 189) +411 16 12 3 
7429 | +30 38 | —13 31 12 4 
(181)| (—2) 85 + 
(8)| 351 6 
10 17 7439 | +15 | 185 | +14 22 73 1/ Do. 
9/10 22 7435 | —87 | 268| —4 87 | 194 1 Do. 
7434 | —73 | 282) +10 73 97 1 (170)| (—2) 73 1 
7433 | —51 +13 54 194 1 ' 
7432 | —44 | 311 | +12 47 73 1 7 7439 | +28 | +14 33 73 3 F Do. 
(355)| (—3) 558 4 (156)| (—2) 73 3 
11 10 31 7435 | —60 | 269); —5 60 | 291 5 F Do. 25; 11 2 7439 | +43 | 186 | +15 47 48 1 G Do. 
7434 | —47 | 282] +10 49 97 1 
7433 | —25 | 304] +13 30 | 194 1 (143)| (—1) 48 1 
7432 | —17 | 312] +12 23 24 4 
26} 10 50 7439 | +55 | 185 | +14 57 24 1 G Do. 
(329)} (—3) 606 | 11 
(130)} (—1) 24 1 
12} 10 46 7435 | —47 | 268 47 | 21 7| VG Do. 
7434 | —34| 281 | +10 36 97 1 27; 10 38 7439 | +68 | 185 | +14 70 24 1 G Do. 
7433 | —11 304 | +13 145 1 
7432 | 312 +12 17 24 (117)| (—1) 24 1 
(315)| (—3) 557 ll 23; 8 46 7442; +9/ 114; —10 12 24 1] VG | Mt. Wilson. 
7439 | +80; 185 | +14 80 12 1 
10 14 7435 | —33 | 269; —5 33} 291 7|@a Do. 
7437 | —23 | 279 | +14 29 6 2 (105)| (—1) 36 2 
7434 | —21; 21] +9 25 97 1 
7436 | —19 | 283) —7 20 12 2 vG Do. 
7433 | +2 +13 17 97 1 
7432 | +11 | 313 | +12 19 24 3 va Do 
(302)} (—3) 527 16 31/12 7 7443 | +34 97; +8 36 12 3; G U. 8. Naval. 
14/12 17 7435 | —19 | 269) —5 21 | 291 G Do. (63)} (—1) 12 3 
7437 —9 |} 279) +15 2 12 2 
416] so} 4as| Mean dail for 30 d 278. 
7432 | +25| 313 | +10 3 
Not 
(288)|} (—3) 509 20 good; G=good; F=fair; P=poor. 
1/11 2 7438 | —40 | 235 41 12 1|} VG Do, 
7435 PROVISIONAL RELATIVE SUNSPOT NUMBERS FOR 
7434 
7434 | 47| +8] 12/ 1 APRIL 1942 
(Based on observations at Zurich. Data furnished through the courtesy of Prof. W. 
(275)| (—3) 497 | 27 Brunner, Eidgendssiches Sternwarte, Z Switzerland] 
16) 8 19 7439 | —79 | 195 | +14 79 97 1; @ Mt. Wilson. 
a A Relative A Relative A Relative 
7433 | +41 | 305 | +13 44 48 1 
(264)|} (—3) 460 | 12 d 44 
7] 179] 414] 4] @ U.8. Naval. 2------- 35 || Ecc 58 || 22... 
a a 6 17 || 16 ab 69 || 26 Ec 79 
10 7490-88 178/414) 3) F | Do a71 || 27.....| EMcc 89 
7 
7435 | +36 | 272] —5 194 61 
7434 +45 281 +9 47 48 1 10 ences 34 20 -<-<-<-< 105 30 -—<—<-<-= a 61 
. 
“> Passage of an average-sized p through the central meridian. 
7434 282; +9 48 1 Passage of large group proup through the meridien. 
= grou velo) to a m -sized or : 
(223)| (—2) 290 9 on the eastern part ofthe sun's disk; Ww, M, 
20 | 10 57 <= VG | Mt. Wilson. Entrance of a large or average-sized center of activity on the east limb. 
7440 | +7) 216 | +13 17 12 2 
7435 274) —5 65 97 10 
7434 | +70) 279) +9 70 24 1 
(209)! (—2) 2421 16 
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